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Abstract 
The spatial and temporal discharge r gime and its effects on benthic ommunities were stud- 
ied in two small temporary karstic stream systems of the Paderborner Hochfl~iche (East 
Westphalia, Germany). Both streams are characterized byvery small perennial springbrook 
sections. Benthic invertebrates were sampled three times at 12 sites and discharge was mea- 
sured monthly from March to September 2000. The spatial extension of streamflow as ob- 
served regularly to evaluate the duration of drought. Both streams showed alongitudinal gra- 
dient of hydrological intermittency from very small perennial reaches with low intermittency 
to an extremely harsh hydrological situation. The benthic ommunities displayed a decreas- 
ing species richness at increasing intermittency. The different hydrological stream sections 
were colonized by different lotic communities, characterized bytypical species of temporary 
streams and by several typical species of springs. Particularly the perennial springs and 
springbrooks are very important for the species richness in these karstic stream systems. 
Key words: Hydrology - karstic streams - karst springs - karst - intermittency - temporary 
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Introduction 
Temporary running waters are lotic systems which are 
frequently dry. The hydrological variability of these 
habitats is high and not confined to arid or semi-arid 
areas but occurs also in temperate areas (WILLIAMS 
1996). Defining drought hydrologically is problematic 
because the frequency, intensity, duration and long-term 
trends are specific to regions and times (HUMPHRIES & 
BALDWIN 2003). Depending on their discharge regime 
different emporary stream types and corresponding 
terms are defined. GORDON et al. (1992) related the terms 
intermittent and ephemeral totheir temporal groundwa- 
ter connection. Ephemeral streams are influent, feeding 
the groundwater and having channels which are above 
the water table all the time of the year, whereas intermit- 
tent streams are only seasonally influent. COM[N & 
WILLIAMS (1994) subdivided temporary streams into (1) 
intermittent streams, which are dry at more or less pre- 
dictable times and (2) episodic streams, which are com- 
monly used as synonymous with ephemeral, with unpre- 
dictable discharge patterns. LAKE (2003) broadens the 
definition of drought distinguishing between 'seasonal 
drought', which is regular and predictable and 'supra- 
seasonal drought', which arises from the failure of pre- 
cipitations over a number of seasons. 
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Due to the various hydrogeological conditions, tem- 
porary streams are characteristic features of karstified 
limestone terrains that show a spatially and seasonally 
alternating discharge regime (FEmE 1983; DACHNER 
1991; MEYER & MEYER 2000). During winter and 
springtime the spatial extension of streamflow varies ex- 
tremely and sometimes the total stream system might be 
flooded for certain times. The duration of drought varies 
extremely between the different streams or stream sec- 
tions as well as from year-to-year nd might exceed lo- 
cally up to 10 months ayear (MEYER & MEYER 2001). 
Stream drying requires ahigh tolerance or specific adap- 
tations of the aquatic fauna, which has been studied all 
over the world and could be proved for several charac- 
teristic species (WILHAMS 1987, 1996; MALICKY 1989; 
TIMM 1993; SCHELLENBERG et al. 1994; TIMM • SOM- 
MERH)kUSER 1994; SOMMERHAUSER et al. 1996; WOOD & 
PETTS 1999; NATUR- UND UMWELTSCHUTZ-AKADEMIE 
NRW 2000; BROCK et al. 2003; BOULTON 2003). Be- 
cause of the harsh hydrological conditions the aquatic 
fauna of karstic streams is supposed to be rather poor 
and karst streams are commonly specified as ephemeral 
streams (WEmaUN~ 1994; LANDESUMWELTAMT NRW 
1999; SOMMERHXUSER & SCHUMACHER 2003). 
The larger streams of the studied karstic area (Pader- 
borner Hochfl~iche, East Westphalia, Germany) have a 
permanent upper each in adjacent non-karstic regions, 
whereas the smaller tributaries often have a completely 
karstified catchment area. Thus, these streams may dry 
out completely several times a year. Though, due to the 
local hydrogeological conditions, in several small 
stream systems permanent springs and springbrook sec- 
tions occur in mid- or upstream reaches. Even in very 
dry years these springs upply a sufficient discharge to 
ensure alow flow in a small stream section of about 5 to 
200 meters, whereas the other parts of the stream sys- 
tems fall completely dry (MEYER et al. 2003). 
In this study we want to show the temporal and longi- 
tudinal variation of streamflow and its effect on the com- 
munity composition of the aquatic fauna. (1) We aimed 
to characterize and classify the different flow phases and 
stream sections hydrologically. (2) We related the ex- 
pected ifferences inspecies richness and faunal diversi- 
ty to the gradient of hydrological intermittency from the 
perennial springs along the adjacent perennial section 
downstream ofthe springs to the temporary sections in 
the upper and in the lower reaches of the stream systems. 
(3) Due to the temporary discharge r gime and the longi- 
tudinal gradient of intermittency we expected a charac- 
teristic omposition of benthic assemblages, which are 
adapted to the respective harsh abiotic conditions. (4) 
Furthermore, we assume that particularly the permanent 
springs are an important habitat for the aquatic biodiver- 
sity in this environment, askarstified limestone terrains 
show a natural poverty of surface waters. 
Materials and Methods 
Study sites 
The two studied streams Menne and Talgosse are located 
in the karstic area of the Paderborner Hochfl~iche (East 
Westphalia, Germany, see Fig. 1) and belong to the 
catchment area of the river Alme, which drains to the 
river Lippe and to the Rhine. Due to the hydrogeological 
conditions this karstified limestone t rrain shows a natu- 
ral poverty of surface waters, with a high rate (78%) of 
temporary eaches referring to the total stream system. 
Both streams are of comparable size with a catchment 
area of 7.5-8 km 2 and a length of about 7-8 kin. Merely 
the springs and the springbrook sections of the stream 
systems show a permanent s reamflow of about 150-250 
m during summer (Fig. 2). The studied streams are in a 
near-natural condition situated in beech-forests at an ele- 
vation of 200-320 m above sea level and show a stream 
slope of 1.7-2.0%. They are characterized byhigh values 
of conductivity (500-630 ~tS/cm), pH (7.0-7.4) and 
water hardness (15.7-16.2 °dH) (C. MEYER, 2000, un- 
publ. data), and all springs and springbrook sections have 
depositions of sinter. Particularly at the Talgosse calcite 
deposits have built up considerable lime-sinter terraces 
locally. At all sampling sites the streambed is dominated 
by flat limestone rocks, mainly coarse gravel and cobbles 
(b-axis: 2-10 cm), some small boulders and locally base 
rock. Due to the extremely different seasonal discharge 
situations the substrate composition is rather unsorted. 
The deposition of finer particles uch as silt and clay is 
restricted to some rare lentic reaches. The stream widths 
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Fig. 1. Temporary stream system of the study area (Paderborner 
Hochfl~¢he, Northrhine-Westphalia, Germany) and location of the 
studied streams Talgosse and Menne. 
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Fig. 2. Temporary (dashed line) and perennial sections (continuous 
line) of the studied streams and location of sampling sites (Menne: 
M 1-M5, Talgosse: T1-T5, tributary streams of the Talgosse: TT1, TT2). 
vary between 0.5 m in the upper eaches and up to 2 m in 
the downstream sections. Due to the low water level and 
the extended low-flow situations most times of the year, 
the proportion of coarse organic materials, particularly 
leaves, is very high temporarily until it is transported 
downstream by the next flood event• 
The study was conducted at 5 sampling sites at the 
Menne (M1-M5), at 5 sampling sites at the Talgosse 
(T1-T5) and at two small tributary streams of the Tal- 
gosse (TT1, TT2) from February to September 2000. 
The 12 sampling sites are located at the perennial 
springs (M2, T2), in the perennial springbrook sections 
(M1, M3, T3, TT2) and in the temporary stream sections 
(M4, M5, T1, T4, T5, TT1) of Menne and Talgosse (Fig. 
2). 
Hydrological variables 
Discharge was measured every 4-6 weeks by one-point 
current meter measurement (GORDON et al. 1992)• The 
spatial extension of the drought was observed every 2-4 
weeks, and on this basis the different flow phases and 
duration of flow were calculated• To assess the flow- 
phases between the observed situations on two field 
days, discharge data of a nearby gauging station at the 
river Aline were compared with the observed stream- 
flow situation. 
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on the stream bed with a hand net (250 ~tm mesh) behind 
it to catch the drifting individuals, excavated all sub- 
strate within the frame to elutriate it in a bucket and 
sieved it afterwards in the hand net. Samples were pre- 
served in the field with 90% ethanol• We pooled three 
samples per site and date. At the temporary sites T4, T5, 
M4, and M5 samples could only be collected once in 
March, as these stream sections dried up from May to 
September• In the laboratory the samples were first 
checked macroscopically b removing the large und less 
numerous individuals, and subsequently with a micro- 
scope for smaller and numerous individuals by using a 
volumetric subsampling method (5-10 aliquots of 5 ml, 
within-sample coefficient of variation usually < 15%, C. 
MEYER, 2000, unpubl, data)• The organisms were identi- 
fied to lowest possible taxonomic level, counted and 
their numbers extrapolated tothe total numbers of indi- 
viduals in the complete sample• Invertebrate densities 
are presented in individuals per square meters. 
Statistical methods 
We derived a relative index of intermittency for the 12 
sampling sites by ranking each site according to the 
three hydrological variables (1) minimum discharge 
[1/s], (2) median discharge [1/s] and (3) duration of flow 
[weeks] during investigation time. The index of inter- 
mittency was then scored by summing the ranks of each 
of these variables (FEMINELLA 1996). 
We used total number of taxa, number of EPCT taxa 
(insect orders Ephemeroptera, Plecoptera, Coleoptera, 
and Trichoptera) and Shannon-Weaver Index to assess 
the taxa richness and faunal diversity at the sampling 
sites and its response to the hydrological situations. For 
further analysis of the benthic ommunity composition 
we used the proportion of characteristic faunal elements 
of springs (sensu BAYERISCHES LANDESAMT FOR 
WASSERWIRTSCHAFT 1996) and the proportion of typical 
inhabitants of temporary waters (sensu SOMMERI~AUSER 
et al. 1998; NATUR- UND UMWELTSCHUTZ-AKADEMIE 
NRW 2000) of the EPTC-Fauna. To compare and to 
group the sampling sites based on their different faunal 
composition we applied a cluster analysis (Wards 
Method or Minimum variance, Data log(10) trans- 
formed, calculated by MVSP 3.13d). To test the relation- 
ship between the faunal variables and the hydrological 
parameters, we used a simple linear regression analysis 
(SPSS 9.0). 
Faunal sampling 
At each site benthic invertebrates were sampled from all 
present substrates over a 15 m reach in March, July and 
September. As most times flow was not sufficient for 
surber sampling, we placed a wooden frame (900 cm 2) 
Results 
Hydrology 
The different phases of streamflow during this study 
(Fig. 3) display the temporal hydrological variation of 
Limnologica (2003) 33,271-279 
274 A. Meyer et al. 
Feb Mar Apr May Jun Jul Aug Sep 
M1 
M2 
M3 
M4 
M5 
T1 
T2 
T3 
T4 
T5 
TTI  
TT2 
Fig. 3. Estimated drought (double lines) and flow phases (black bars) of the sampling sites during the study (35 weeks) from February to 
September 2000. Menne: M 1-M5; Talgosse: T1-T5; tributary streams of the Talgosse: TT1, TT2. 
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Fig. 4. Longitudinal variation of streamflow of the studied streams 
Menne and Talgosse during the study; without the springs (M2, T2) 
and the small tributary streams (TT1, TT2). 
both streams. Until March all sampling sites showed a
continuous streamflow. From April on the first down- 
stream sections tarted to dry up (T5, M5, T4, M4), and 
until June apart from the permanent springs (T2, M2) 
and the springbrook sections (M1, M3, T3, TT2) the 
complete stream system was desiccated. During this 
phase some short-term flow events occurred within the 
temporary sections after heavier precipitations. From 
July to September the streamflow as characterized by
an extended dry phase and distinctive low-flow situation 
in the permanent sections. At the sites T1 and M4 some 
very small rest pools (less than 500 cm 2) appeared ur- 
ing summer, esulting from temporary springs in these 
sections, but no actual discharge could be observed and 
measured. 
The longitudinal variation of streamflow is shown in 
Fig. 4. During flood events, caused by heavy rainfall or 
snow melt, the discharge may increase downstream, as
we could observe at the Menne in March. At base flow 
the runoff only increased at the sites M3 and T3 due to 
the discharge of the springs at M2 and T2. Downstream 
of the permanent springbrook sections discharge de- 
creased continuously b  the losses of water in the karsti- 
fled rocks. Thus, the end of the flow-sections tended to 
migrate upstream continuously during a dry phase until 
the streamflow as restricted to the small section of the 
permanent springs. Hence, the duration of drought in- 
creased with increasing distance downstream of the 
springs. Sequentially, the duration of drought increased 
from the springs downstream (Table 1). The longitudinal 
discharge patterns are also represented in the calculated 
index of intermittency (scores). The highest intermitten- 
cy showed the temporary sites M5 and T5 in the down- 
stream sections of both streams, whereas the permanent 
sites TT2, M3 and T3 had the lowest scores (Table 1). 
Fauna 
A total of 74 taxa could be proved at all sampling sites in 
this study. Nine taxa were restricted to the temporary 
sites, 40 taxa were restricted to the permanent sites and 
25 taxa could be found in both the perennial and tempo- 
rary sections of the studied streams. Most numerous taxa 
were aquatic insects and the dominant insect orders 
were, in order of decreasing numbers of taxa, Diptera, 
Limnologica (2003) 33, 271-279 
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Table 1. Main hydrological parameters (minimum, maximum, mean and median discharge, n = 5) and calculated scores of intermittency (,~ of the sin- 
gle ranks) of the sampling sites during a 35 week-investigation period from February to September 2000 in the studied streams Menne and Talgosse. 
TT2 M3 T3 M2 T2 M1 M4 T1 TT1 T4 M5 T5 
Min [I/s] 1.1 0.8 0.9 0.5 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 
Max[I/s] 12.9 33.8 17.4 32.1 3.5 5.6 99.1 5.9 11.6 21.3 163.9 3.7 
Mean [I/s] 3.9 8.6 5.4 7.1 1.3 1.7 19.9 1.3 2.9 4.5 32.8 0.7 
Median [I/s] 1.9 2.3 1.8 1.1 0.9 0.8 0.2 0.2 0.0 0.0 0.0 0.0 
Flow[weeks] 35 35 35 35 35 35 16 14 15 14 12 10 
Intermittency Score [~ of ranks] 4 5 6 9 11 13 21 23 24 26 27 28 
Table 2. Mean number of individuals [m 2] of the proved EPCT taxa (insect orders Ephemeroptera, Plecoptera, Coleoptera, Trichoptera) at the 
sampling sites in the studied streams Menne and Talgosse [samplings from March, July and September; TT1, T4, M5, T5 were only sampled in 
March; type 1 -- "temporary-type" sensu NATUR- UND UMWELTSCHUTZ-AKADEMIE NRW (2000), type 2 = "temporary-type" sensu SOMMERH~,USER 
et al. (1998), type 3 = "spring-type" sensu BAYERISCHES LANDESAMT FOR WASSERWlRTSCHAFT (1996), at least 5 valences for Crenal]. 
Type TT2 M3 T3 M2 T2 M1 M4 T1 TT1 T4 M5 T5 
Intermittencyscores 4 5 6 9 11 13 21 23 24 26 27 28 
EPHEMEROPTERA 
Baetis rhodani PICTET 1 4 30 1 
Rhithrogena sp. 28 6 39 3 
Electrogena ujhelyii (SOWA) 7 4 35 
Paraleptophlebia submarginata STEPH. 1 12 
Habrophlebia fusca CURTIS 1 19 1 1 
PLECOPTERA 
Brachyptera risi MORTON 1 1 
Amphinemoura suldcollis STEPH. 24 9 
NemouradnereaRETz. 1 2052 281 1278 183 281 
Protonemoura ubertilLLIES 3 92 24 6 
COLEOPTERA 
Agabus 9uttatus (PAYK.) 1,3 
Agabus sp. (larvae) 4 
Hydraena nigrita GERM. 1 28 1 
Limnebius truncate//us THUNGB. 1,3 1 
Helophorus minutus FABR. 1 
He/ophorus brevipa/pis Bt:DEL 1 1 1 
He/ophorus p. 1 
E/odes sp. (larvae) 3 1 
Dryops sp. (larvae) 4 
Elmis aenea PH. MOLLER 1 85 
Elmissp. (larvae) 91 10 1 126 43 
Limnius sp. (larvae) 1 
TRICHOPTERA 
Agapetus fuscipes CURTIS 3 1 6 
Wormaldia occipitalis PICTET 3 16 2 45 
T/nodes unicolor PICTET 3 2 1 7 
Plectrocnemia conspersa CURTIS 1,2 15 7 11 39 5 
Crunoecia irrorata CURTIS 1,3 8 1 6 
Drusus annulatus STEPH. 3 289 2 62 7 
Limnephilus bipunctatus CURTIS 1,2 
MelampophylaxmucoreusHAGEN 2 223 314 303 
Micropterna nycterobia McL. 2,3 1 2 2 
Microptema sequax McL. 1,3 1 
Microptema testacea GMELIN 2 
Potamophylax cingulatus STEPH. 1 1 
Stenophylax vibex C u RTIS 2 1 1 2 
5tenophylax permistus M c L. 1,2 
Pseudopsilopteryx zimmeri McL. 3 1 
29 1 
1 
1 
223 17 7 13 1 
4 1 
5 
1 1 
1 1 1 
1 
3 30 
6 2 
40 
7 9 32 
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Trichoptera, Coleoptera, Ephemeroptera, and Ple- 
coptera, with the dipteran taxa only being identified to 
genus level or even higher. The benthic EPCT- 
assemblages of the temporary sites were mainly repre- 
sented by caddiesflies, toneflies, and water beetles, as 
mayflies were almost completely missing (Table 2). The 
different composition of the faunal assemblages is sup- 
ported by a cluster analysis, which distinctly separates 
the temporary and the permanent sampling sites on the 
basis of the faunal data (Fig. 5). 
The faunal composition at all sites is characterized by 
a high number of typical inhabitants of temporary 
streams. Particularly, the sites with the highest intermit- 
tency scores displayed the highest proportion 
(70-100%) of "temporary-type" taxa. Typical faunal el- 
ements of springs were mainly limited to the permanent 
sampling sites at the springs and springbrooks of the 
studied streams, particularly at the Talgosse (Fig. 6). 
Total faunal diversity was slightly higher in the Tal- 
gosse than in the Menne. Both the total number of taxa 
and the number of EPCT taxa clearly displayed the ten- 
dency of decreasing taxa numbers with increasing hy- 
drological intermittency (Fig. 7). The index of intermit- 
tency showed a significant relationship to the number of 
taxa (Fig. 8) and the total (P = 0.81, P = 0.0001) and 
mean number (r 2 = 0.65, P = 0.0155) of the EPCT-taxa, 
whereas the Shannon-diversity did not follow this pat- 
tern. 
Discussion 
The distinct longitudinal pattern of streamflow depends 
on the hydrogeological conditions in the karstified 
catchment areas of the studied streams. During base 
flow the spatial discharge regime is characterized by 
constant losses of water downstream in the cleft lime- 
stone rocks. Merely in the middle reaches due to the 
spring water and during high surface runoff, discharge is
increasing downstream over a longer distance (Fig. 4). 
Thus, contrary to permanent s ream systems, the only ef- 
fluent reaches of the studied karstic streams are limited 
to the perennial springs and springbrooks. The spatial 
extension of the effluent hydrological conditions may 
vary seasonally, as the adjacent downstream section of 
the springs and parts of the upper eaches how phases 
of effluent conditions, mainly in winter and spring when 
the level of karstic groundwater is high, and influent 
conditions during summer and autumn or during extend- 
ed dryphases. Therefore, these transitional reaches can 
be defined as intermittent s ream sections (GORDON et al. 
1992). The other parts of the karstic stream systems are 
ephemeral reaches with influent conditions all over the 
year. This small-scale pattern of different hydrological 
situations is a characteristic feature of karstic streams 
(FEI6E 1999; MEYER & MEYER 2000). The exact spatial 
separation of these different hydrological sections would 
require a more detailed and long-term study lasting over 
several years, because the hydrological situations vary 
from year to year. Thus, during base flow the longitudi- 
nal extension of flow in the temporary stream sections 
mainly depends on the level of karstic groundwater and 
the received quantity of water from the effluent stream 
section. The losses of water in the ephemeral section can 
vary seasonally (see Fig. 4), as they are reduced by a 
high groundwater level (FEIGE 1999; MEYER et al. 2000; 
MEYER & MEYER 2000). Therefore, during high dis- 
charge input from the permanent sections and less losses 
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Fig. 5. Cluster analysis of the sampling sites based on the benthic 
invertebrate fauna (minimum variance or "Wards method", mean 
number of individuals [og(lO) transformed). Menne: M1-M5; Tal- 
gosse: T1-T5; tributary streams of the Talgosse: TT1, TT2. 
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Fig. 6. Proportion of characteristic "spring-type" taxa (type 3, sensu 
BAYERISCHES LANDESAMT FOR WASSERWIRTSCHAFT 1996) and "temporary- 
type" taxa (type 1, sensu UMWELTSCHUTZ-AKADEMIE NRW 2000; type 2, 
sensu SOMMERH~,USER et al. 1998) of the proved EPCT-fauna on a gra- 
dient of intermittency of the sampling sites. 
Limnologica (2003) 33, 271-279 
of water even in the ephemeral reaches of the karstic 
streams flow-phases can last for several weeks, as we 
could observe from February to March in the down- 
stream sections (Fig. 3). Hence, the functional defini- 
tions and separation of perennial, intermittent and 
ephemeral streams (sensu GORDON et al. 1992) is less 
useful for a hydro-ecological ssessment, as- concern- 
ing life cycle strategies, adaptations and colonisation of 
benthic assemblages - the hydrological parameters du- 
ration and particularly the predictability of drought are 
more important (COMIN & WILLIAMS 1994; SCnELLEN- 
BERG et al. 1994). An exact classification using these pa- 
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Fig. 7. Mean and total number of benthic macroinvertebrate taxa 
and of EPCT taxa (insect orders Ephemeroptera, Plecoptera, 
Coleoptera, Trichoptera) and Shannon-Weaver Index at the sampling 
sites along a gradient of intermittency. 
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rameters of drought as proposed by the German Working 
Group on Temporary Waters (SOMMERH)i.USER et al. 
1998) also requires hydrological data of several years 
and hence cannot be applied in this study. 
The distinct longitudinal differences in species rich- 
ness, which could be observed in both streams (Fig. 7), 
most likely reflected the longitudinal gradient of hydro- 
logical intermittency. With an increasing intermittency 
total and mean number (n = 3) of taxa decreased signifi- 
cantly (Fig 8). No other factors, e.g. physico-chemical or 
structural variables, which are commonly considered 
important o benthic invertebrates (MINSHALL 1984; 
BOULTON & LAKE 1990), vary significantly between the 
sampling sites (C. MEYER, 2000, unpubl, date) and 
therefore cannot be responsible for the longitudinal vari- 
ation of the faunal communities. Furthermore, the sam- 
pling sites are very close to each other within a stream 
section of 2 km (Menne) and 2.5 km (Talgosse), respec- 
tively. Thus, no longitudinal variation of the benthic 
fauna, in terms of a "river continuum" proposed for per- 
manent stream systems (VANNOTE et al. 1980), can be as- 
sumed in this study. Surprisingly, despite the large dif- 
ferences in intermittency scores and the high correlation 
to the numbers of taxa at the sampling sites, the faunal 
diversity (Shannon-Weaver Index) showed no signifi- 
cant differences (Fig. 7). The temporary sites with their 
lower species richness had a relatively even distribution 
of individuals among all species, so that they could 
reach high species diversity. This can be considered as 
an evidence for species-poor, but very steady benthic as- 
semblages with characteristic community structures at 
least at some of the temporary sampling sites (e.g. TT1, 
T4, M4) (BASTIAN & SCHREIBER 1994). To prove this, 
further investigations are necessary, as 4 of the 6 tempo- 
rary sites could just be sampled once and this unbal- 
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INELLA 1996) expressed as index of intermittency. 
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anced sampling design could lead to errors in communi- 
ty characterization (RESH 1979; NORRIS et al. 1996). 
Nevertheless, the communities are characterized by
typical faunal elements of temporary waters. At all sam- 
pling sites a high proportion of typical taxa of tempo- 
rary waters were represented bythe EPCT assemblages 
(Fig. 6). Whereas the temporary sites displayed a pro- 
portion up to 100% of "temporary-type" taxa, this pro- 
portion ranged from 40-90% at the permanent sites 
after all. Apparently a majority of the proved species, 
particularly of the EPCT fauna is well known to be 
adapted to the harsh hydrological conditions (SOMMER- 
HAUSER et al. 1998; NATUR- UND UMWELTSCHUTZ- 
AKADEMIE NRW 2000). Only the sites T5 and M5, 
where almost no EPCT taxa were found (Table 2) com- 
ply with the hypothesis that at least ephemeral karstic 
streams how a rather poor aquatic fauna with no char- 
acteristic ommunity structure (WEILGUNI 1994; LAN- 
DESUMWELTAMT NRW 1999). The other temporary sites 
(T4, TT1, T1, M4) were represented by several lim- 
nephilid species (Trichoptera), which are typical inhabi- 
tants of temporary streams (CRICHTON 1971 ; SOMMER- 
HAUSER et al. 1996). Contrary to the sites T5 and M5 the 
hydrological condition seems to meet he requirements 
of a complete larval development. Although 25 taxa 
were found in the permanent aswell as in the temporary 
sections of both streams, the permanent sites showed a
quite different benthic ommunity structure, which is 
underlined by the cluster analysis and clearly separated 
the temporary from the permanent sampling sites (Fig. 
5). Besides of a higher species richness the permanent 
sections were characterized byseveral typical species of 
springs as well (Fig. 6, Table 2). 
The significance ofthe permanent springs and spring- 
brooks for the aquatic biodiversity of karstified terrains 
is very high, as could be seen by the differences in the 
benthic assemblages of the different stream sections. Al- 
though these sections were also exposed to extreme low- 
flow situations during summer, they have a considerable 
taxa richness (Fig. 7, Table 2). At least 40 of the total 74 
proved taxa were restricted to the permanent sites. These 
findings tress the importance of these spatially small 
habitats for the aquatic biodiversity. At the temporary 
sections we found only 9 taxa, which could not be 
proved in the permanent reaches, yet 25 taxa which oc- 
curred in both stream sections. Apparently, most axa of 
the temporary benthic assemblages were also represent- 
ed at the permanent sites, reflecting the spatio-functional 
disjunction of the whole karstic stream systems. It is 
conceivable that hese small permanent sections are im- 
portant for a re-colonization of the temporary sections 
via drift or oviposition, particularly after extreme dry 
years, when the hydrological conditions do not meet he 
requirements of an autochthonous reproduction ofmany 
taxa. 
Conclusions 
We conclude that 1) the temporary karstic stream sys- 
tems in the present study display a longitudinal gradient 
of hydrological intermittency. From the very small 
perennial reaches with low intermittency the hydrologi- 
cal conditions changed ownstream to an extremely 
harsh hydrological situation. 2) The benthic assem- 
blages displayed a decreasing species richness with in- 
creasing intermittency. 3) The different hydrological 
stream sections have different characteristic lotic com- 
munities and 4) particularly the perennial springs and 
springbrooks are very important for the species richness 
in these karstic stream systems. 
Karstic streams were recently characterized asvery 
harsh and unpredictable aquatic habitats with a marked- 
ly poor aquatic fauna (WEILGUNI 1994; LANDESUMWELT- 
ANT NRW 1999; SOMMERHAUSER & SCHUMACHER 
2003). Our study shows that karstic stream systems have 
to be considered more detailed and spatially more differ- 
entiated for a comprehensive hydrological nd biologi- 
cal classification, particularly with regard to the longitu- 
dinal pattern of intermittency. 
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